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The QMC model P.A.M. Guichon, PLB 200, 235 (1988)

< σ >

< ω >

Light (u,d) quarks interact 
self-consistently with 
mean σ and ω fields 

[i   (m Vσ ) +  Vω ] q = 0   
q  q

[i   (M   V   ) +  V   ] N = 0
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m*q=mq - g  = mq - V
q

 nonlinear in 
M*N  MN - g +(d/2)(g )N N 2
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N q

(For a review, PPNP 58, 1 (2007))
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Outline

• Introduction, the QMC model, finite nuclei
• Hypernuclei in the latest QMC model (,)
• Photoproduction of -hypernuclei
• Discussion, outlook for hypernuclei

    5.  Medium effect on GPD (informal!)

    6.  Speculations!!
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Nuclear (Neutron) matter, E/A

New saturation 
mechanism !

Incompressibility

K ≈ 280 MeV 
(200 ~ 300 MeV)

PLB 429, 239 (1998)
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Finite nuclei  (   Pb energy levels)

Large mass nuclei

Based on the quarks !

Hypernuclei

208

( the latest version of QMC)

NPA 609, 339 (1996)
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The latest QMC model
NPA 814, 66 (2008) (arXiv:0712.1925 [nucl-th])

    

 Color “Coulomb-spike” effect on OGE 
hyperfine interaction (s-quark different)

  Smaller    in the MIT bag model        
(PRD 12, 2060 (1976): 0.55 → ~0.45) 

 Self-consistent inclusion in matter
        extra repulsion for Σ relative to 
        No Σ nuclear bound state!!
      
 

(T. Barnes, PRD 30, 1961 (1984))

c
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Bag mass and mag. HFC 
contribution (OGE)

 T. DeGrand et al., PRD 12, 2060 (1975)

M = [Nqq + Nss]/R – Z0/R + 4BR  /3 

          + EM (f)      (f=N,,,,…)

EM =-3c         [(   )/R  ] I 

 (R), I    T. DeGrand et al., PRD 12, 2060 (1975)

3

a, i<j
i j i j i j i j

3

i i j
(typos !)



01/12/09 K. Tsushima 9

Octet and Decuplet masses (GeV)

RN=0.8 fm,  N,  masses → B=0.5541 fm   , Z0=2.6422, 

  =0.4477, (0.55),  Less enhanced the “Coulomb-spike” for s quark

independent, Fs,ms: fit to ,Σ,  masses (predictions)

1.6721.5331.3851.3181.1931.116Exp.

1.6541.5071.3681.3251.1891.1070.2970.726

1.7841.5991.4161.3551.1761.1350.3411

*Σ*Σms Fs

-1

c

NPA 814, 66 (2008) (arXiv:0712.1925 [nucl-
th])
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 Σ  potentials 
(1s1/2)
Repulsion 
          in center
Attraction 
          in surface
No Σ nuclear 
       bound state!

HF couplings for 
hyperons  
successful for high 
density neutron star 

(NPA 792, 341 (2007))

0
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Hypernuclei spectra 1

-3.1-1.02s1/2

-7.3-5.51d3/2

-7.4-5.51d5/2

-5.6-15.4-1.9-13.9-6.4-1.851p1/2

-5.3-15.4-1.6-13.9-6.41p3/2

-9.4-21.9-5.5-20.6-18.7-5.3-16.2-12.41s1/2

CaCaCaCaCaOOO16


17 17
Exp.

40 41 41 49 49

Exp.   0  0 0

NPA 814, 66 (2008) (arXiv:0712.1925 [nucl-th])
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Hypernuclei spectra 2

-9.8-20.1(-16.8)-3.4-13.4(-9.1)1d3/2

-8.2-17.1-9.12s1/2

-9.6-20.1-16.8-3.1-13.4-9.11d5/2

-12.7-24.0-21.9-7.2-19.4-16.51p1/2

-12.6-24.0-7.0-19.41p3/2

-15.0-26.9-26.3-9.9-24.0-23.11s1/2

PbPbPbZrZrYb
Exp. Exp.

89 91 91 208 209 209
   0 0

NPA 814, 66 (2008) (arXiv:0712.1925 [nucl-th])
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Summary: hypernuclei
• The latest version of QMC (OGE color 

Coulomb “spike” effect included self-
consistently in matter) 

 single-particle energy 1s1/2 in Pb is -26.9 MeV 
(Exp. -26.3 MeV)  no extra parameter!

• Small spin-orbit splittings for the 
• No  nuclear bound state !! 

 is expected to form nuclear bound state
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Photoproduction of  Hypernuclei

 and K  are produced
via s-channel 
N* excitation (dominant)
S11(1650), P11(1710)
P13(1720)
  
Energy region of interests, 

hypernuclei production
(~ 10 % ambiguity due to
the other background ) 

 

+

R. Shyam, KT, A.W. Thomas, arXiv:0812.1547 [nucl-th]
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Elementary  p  K   reaction+

R. Shyam, KT, A.W. Thomas, arXiv:0812.1547 [nucl-th]
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B hypernuclei (MeV)12


-472.34382.60(OK)15.96(p1p3/2)

-280.86227.833.621.13B1p1/2

-252.28204.163.621.73B1p3/2

-212.69171.7814.9311.37B1s1/2

VSVVQMCExp.State

-1
C12

12

12

12







Sep. energy

(W.S) (W.S)
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Potentials and wave functions

QMC, W.S. type |QMCU|, |QMCL|, |DiracpU|, |DiracpL|



01/12/09 K. Tsushima 18

Differential cross sections:  C(, )  B

dd at
Kaon angle  = 10

1 , 2  (1p3/2,1s1/2)
(wave functions!) 

2 , 3  (1p3/2,1p3/2)
(potentials!) 

Diracp (phenomenological)

QMC

12 12


- -

+ +

-p 

-p 

|q|[1.4, 1.7] fm  -1

+

arXiv:0812.1547 [nucl-th] Eth ~ 695 MeV
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Summary: Hypernuclei 
photoproduction

1. First attempt to study photoproduction of 
   -hypernuclei (  C(,  )  B reaction) 
   via quark-based model (QMC)
2. dd at Kaon angle  = 10 shows
    distinguishable difference!
3. Back ground inclusion for higher energies
4. Heavier hypernuclei?

12 12


+
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Discussions, outlook

1. Study of -hypernuclei 
                      A(K  ,K  )  B reaction
2. Elementary  K  p  K  reaction
3. Heavier -hypernuclei photoproduction
4. Electroproduction of -hypernuclei

- +

- +

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V. Guzey, A.W. Thomas, KT
arXiv:0806.3288 [hep-ph],
to be published in PLB

Medium effect on Generalized Parton Distributions 
 Deeply Virtual Compton Scattering 
     on a   He nucleus

Bound Nucleon GPDs and 
Incoherent DVCS

4
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 ???!!!
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However !! 
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Model, assumption !
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Speculations !!! (bound proton spin)
  Jq+JG=(q+Lq)+JG=1/2
• gA* < gA  q* < q
• F1*  F1 (F1*(0) = F1(0) =1), F2* > F2

 Hq*  Hq,  Eq* > Eq  (p* > p) 
Jq* = ½ - JG* = (q*+Lq*) 

= ½ dx x(Hq*+Eq*) > ½ dx x(Hq+Eq)

= (q+Lq) - JG = ½ - JG = Jq

  Jq* > Jq  (JG* < JG or Lq* > Lq )


	The latest results, and  photoproduction of hypernuclei in  the (latest version) QMC model (and some recent other results)
	Slide 2
	Outline
	Slide 4
	Nuclear (Neutron) matter, E/A
	Finite nuclei  (   Pb energy levels)
	The latest QMC model NPA 814, 66 (2008) (arXiv:0712.1925 [nucl-th]) 
	Bag mass and mag. HFC contribution (OGE)
	Octet and Decuplet masses (GeV)
	   potentials (1s1/2)
	Hypernuclei spectra 1
	Hypernuclei spectra 2
	Summary: hypernuclei
	Photoproduction of  Hypernuclei
	Elementary  p  K   reaction
	B hypernuclei (MeV)
	Potentials and wave functions
	Differential cross sections:  C(, )  B
	Summary: Hypernuclei photoproduction
	Discussions, outlook
	Bound Nucleon GPDs and Incoherent DVCS
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Speculations !!! (bound proton spin)   Jq+JG=(q+Lq)+JG=1/2

